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Out-of-time-order correlator (OTOC), been suggested as a measure of quantum information scrambling in
quantum many-body systems, has received enormous attention recently. The experimental measurement of
OTOC is quite challenging. The existing theoretical protocols consist in implementing time-reversal operations
or using ancillary quantum systems, therefore only a few experiments have been reported. Recently, a new pro-
tocol to detect OTOC using statistical correlations between randomized measurements was put forward. In this
work, we detect the OTOCs of a kicked-Ising model using this new measurement method on a 4-qubit nuclear
magnetic resonance quantum simulator. In experiment, we use random Hamiltonian evolutions to generate the
random operations that are required by the randomized OTOC detection protocol. Our experimental results are
in good agreement with the theoretical predictions, thus confirming the feasibility of the protocols. Therefore,
our work represents a step in exploring realistic quantum chaotic dynamics in complicated quantum systems.
PACS numbers: 03.67.Lx,76.60.-k,03.65.Yz
I. INTRODUCTION
First introduced in the context of superconductivity [1, 2],
out-of-time-order correlator (OTOC)
O(t) = 〈W †(t)V †W (t)V 〉 (1)
has received much attention in both condensed matter physics
and gravity physics. Here W and V are local Hermitian op-
erators and the expectation value 〈·〉 is taken over an initial
state. This initial state can be chosen as an eigenstate [3, 4],
e.g., the ground state, or an arbitrary state extracted uniformly
from the Haar measure to imitate the maximal mixed state at
the “infinite-temperature” [5].
OTOC is recently being a key quantity to diagnose quantum
chaos in condensed matter physics [6, 7] by witnessing how
fast the quantum entanglement propagates and how quantum
information scrambles. The time dependence of O(t) can dif-
ferentiate between regular and chaotic behavior [8]. The ex-
ponential deviation of OTOC defines the Lyapnov exponent
λL in quantum many-body systems [1, 9], which is upper
bounded by β/2pi, where β is the Lyapnov exponent [10].
In the context of gravity physics, it is shown that the Lyap-
nov exponent λL saturates the bound β/2pi for a system
which can be described holographically by an Einstein grav-
ity [9, 11, 12]. Conversely, if a quantum system is exactly
holographic dual to a black hole gravity, its Lyapnov expo-
nent will saturate the bound. The Sachdev-Ye-Kitaev (SYK)
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model exhibits the fastest scrambling and saturates the up-
per bound of the decay rate of the OTOC, which has been
expected to shed light on the black hole information para-
dox [13, 14]. Besides, recent theoretical studies show that
OTOC can serve as a probe of many-body localization in dis-
ordered systems with interactions [15, 16], and also can be
used to detect both equilibrium and dynamical quantum tran-
sitions as well as the corresponding critical points in many-
body quantum systems [4, 17, 18].
The theoretical significance of OTOC functions raises the
question of how to measure them experimentally. The pe-
culiar time order inherent in its definition makes OTOC un-
able to be mapped to the conventional interferometry mea-
surement as the normal time-ordered correlators. There are
mainly two protocols proposed for measuring OTOCs, one
involving backward time evolutions and the other introduc-
ing ancillary quantum systems [19–21]. Preciously OTOC
has been measured experimentally in a nuclear magnetic res-
onance system [8, 22] and trapped ions [3] with the method
involving backward time evolutions. However, it remains a
great challenge to implement the required time-reversal oper-
ations when dealing with many-body systems with local inter-
actions.
In a recent study [23], a novel protocol to probe infinite-
temperature OTOC was proposed, which requires neither
time-reversal operations nor ancillary systems. The protocol
is based on statistical correlations between randomized mea-
surements performed after time-evolution from random initial
states. The initial states are randomized with global unitary
operators for the total many-body system in a global protocol.
A crucial challenge in experimental implementation of this
protocol is to generate global random unitaries efficiently. To
avoid this difficulty, Ref. [23] also devised a modified scheme,
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2which uses local random unitaries instead of global random
unitaries. Obviously, realizing local random operations can
be significantly easier. It is found that despite making such
a simplification, the statistical correlations between the mea-
surement results can still capture most of the real OTOC be-
haviour. Summarily speaking, the key advantages of these
two new protocols over the previous ones are that they neither
require the reversed Hamiltonian evolution nor ancillary sys-
tems, and that they are naturally robust against depolarization
and readout errors.
In this work, we study the experimental measurement of
OTOCs on a 4-qubit quantum simulator with the protocols by
Ref. [23], using techniques of nuclear magnetic resonance
(NMR). In the experiment, we simulate the dynamics of a 4-
spin kicked Ising model and probe the OTOCs over time. The
article is organized as follows. In section II, we briefly in-
troduce the kicked Isinng model and the two versions of the
randomized protocols. Then the experimental realization of
the two protocols are reported in section III. Particularly,
the global random unitaries used in the global protocol are
generated with the recently proposed design Hamiltonian ap-
proach [24, 25]. Finally, a conclusion and discussion is given
in the end of the paper.
II. THEORY
The system we simulate in the experiment is the kicked
Ising model [26], i.e., an N -spin system with periodically
driven, nearest-neighbor Hamiltonian,
H(t) = J
2
∑
i
(σzi σ
z
i+1+hzσ
z
i )+δ(t−nT )
T
2
hx
∑
i
σxi . (2)
Its time evolution operator of n periods can be written as
U(nT ) =
[
e−i
T
2 (J
∑
i σ
z
i σ
z
i+1+hzσ
z
i )e−i
T
2 hx
∑
i σ
x
i
]n
, (3)
with σαi (α = x, y, z) being Pauli operators on the i-th site
(i = 1, 2, · · · , N ). J is the coupling strength between the
nearest neighbors, hz is the uniform longitudinal field, hx is
the kicked transverse field, and T is the driven period. In the
experiment, we set the parameters as hx = J , hz = 0.809J ,
JT = 1.6 so that it is a typical chaotic system.
The protocols that we intend to use for our OTOC measure-
ment are based on statistical correlations between randomized
measurements. The randomized measurements are performed
after time-evolution from randomized initial states [23]. Here,
we briefly introduce the global protocol for probing the
infinite-temperature OTOCs, in which the initial states of the
measurement is randomized with a randomized unitary u sam-
pled from the CUE [27] or a unitary 2-designs [28]. Let W
and V denote local Hermitian operators. Without loss of gen-
erality, we assume that they are from the Pauli matrix set. So
they are also unitary operators. The global protocol consists
of the following three steps:
(i) Prepare the system in an arbitrary initial state |ψ0〉 and
apply a global randomized unitary operator u to get the ran-
|0〉
|0〉
|0〉
|0〉
〈V †W (t)V 〉u
u
V
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FIG. 1. (a) The global protocol via statistical correlations to measure
OTOC O(t) of a 4-spin system, in which W and V are local Her-
mitian operators on the first and fourth spins. The protocol consists
of separately random measurements of 〈W (t)〉u and 〈V †W (t)V 〉u.
(c) The local random unitary operator used in the local protocol.
domized state |ψu〉 = u|ψ0〉. Next, two independent experi-
ments are performed on the same state |ψu〉:
(ii.a) In the first experiment, we evolve the system with
Hamiltonian Eq. (2) and then measure the expectation value
of W . The circuit is shown in Fig. 1(a). Steps (i) and (ii.a)
are repeated for Nt times with the same random unitary u and
different evolution time t = nT (n = 1, . . . , Nt) to obtain
〈W (t)〉u = 〈ψu|U†(t)WU(t)|ψu〉.
(ii.b) In the second experiment, a unitary operation V is
applied before the evolution U(t). We also repeat steps
(i) and (ii.b) for Nt times so as to get 〈V †W (t)V 〉u =
〈ψu|V †U†(t)WU(t)V |ψu〉, as shown in Fig. 1(b).
(iii) Finally, repeat steps (i) and (ii) Nu times for different
sampled random unitaries u.
According to Ref. [23], the evaluation of OTOC is closely
related to the estimation of the statistical correlation between
〈W (t)〉u and 〈V †W (t)V 〉u
O(t) =
〈W (t)〉u〈V †W (t)V 〉u(
〈W (t)〉2u〈V †W (t)V 〉2u
)1/2 . (4)
The notation · used here denotes the average over the sampled
ensemble of random unitaries.
To realize the global protocol, it is required to gener-
ate global random unitary operations from the whole unitary
group. However, one of the key obstacles in implementing the
protocol in practice is the difficulty in producing sufficiently
random unitaries.
Ref. [23] also put forward local protocol which is experi-
mentally easier to implement. The local protocol starts from
a product state |ψ0〉 and then randomizes this state with local
3random unitaries u = u1⊗u2 · · ·⊗uN , with ui a random uni-
tary acting on the i-th individual spin. It is demonstrated that
the statistical correlation of the local protocol gives access to
a modified OTOC OM(t),
OM(t) ≡
∑
A⊆S TrA(WA(t)[V
†W (t)V ]A)∑
A⊆S TrA(W
2
A(t))
. (5)
The sums in Eq. (5) are performed over all subsystems A =
{i1, · · · , iNA} of the total system S, where NA ≤ N . The
notation (·)A means the reduced part of the argument in sub-
system A, in short, (·)A = TrS−A(·). The modified OTOC
OM(t) are sums of out-of-time-ordered functions of the dif-
ferent reduced operators WA(t), VWA(t)W , it encodes the
same physical information about scrambling with O(t). An
illustration of the random unitaries used in the local protocol
is shown in Fig. 1(c).
The key target of the experiment is to measure OTOC of the
4-spin kicked Ising model with W = σz4 and V = σ
z
1 . It is
analytically predicted that the long-time value of the OTOC is
O(t) = 0, while OM(t) converges to 1/3 [23].
III. EXPERIMENT
We use nuclear magnetic resonance (NMR) to simulate
and probe information scrambling of the kicked Ising model.
The physical system to perform the quantum simulation is
the ensemble of nuclear spins provided by 13C-labeled trans-
crotonic acid dissolved in deuterated acetone; see Fig. 2(a)
for the molecular structure. The 4 spin-1/2 13C nuclei forms
a 4-qubit quantum simulator, and C1-C4 labeled in Fig. 2(a)
correspond to the four spin sites in the Ising model. The natu-
ral Hamiltonian of the nuclear system placed in a static mag-
netic field along z-direction is
HNMR = −
4∑
i=1
ω0,i
2
σzi + pi
4∑
i<j,=1
Ji,j
2
σzi σ
z
i , (6)
where ω0,i is the Larmor frequency of the i-th nucleus, Ji,j
is the scalar coupling between the i-th and j-th spins. The
strengths of the Larmor frequencies and the J couplings are
given in Fig. 2(a). The system is controlled by the radio-
frequency (RF) field, which gives the control Hamiltonian
Hrf(t) =
4∑
i=1
ω1,i(t)
2
(σxi cos(ωrft+ φ) + σ
y
i sin(ωrft+ φ)),
where ω1i(t), ωrf, φ are the amplitude, frequency and the
phase of the RF field, respectively. By designing the shape
of the RF pulse delicately, we can realize any desired uni-
tary operation on the system. Experiment is carried out on a
Bruker Ascend 600 MHz spectrometer (14.1 T) at room tem-
perature. As illustrated in Fig. 1, the whole experiment can be
decomposed into three steps: initial state preparation, unitary
evolution and readout of the magnetization of the 4-th spin.
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FIG. 2. (a) Characterization of crotonic acid. Molecular structure
together with a table of the chemical shifts (on the diagonal) and
J-coupling strengths (lower off diagonal), all in Hz. The chemical
shifts are given with respect to base frequency for 13C transmitters on
the 600 MHz spectrometer that we use. (b) Experimental spectrum
of the thermal equilibrium state after a readout pulse Rˆ1y(pi2 ). (c)
Experimental spectrum of the initial state ρ0 state after a readout
pulse Rˆ1y(pi2 ).
A. Initial state preparation
(i) Initial state preparation. This step aims to prepare the
four-qubit system to the initial quantum state of quantum
computation ρ0 = |0000〉 〈0000|. In the high temperature
limit, the nuclear system stays in the thermal equilibrium state
ρeq ≈ 1/24(I⊗4 +
∑4
i=1 εiI
i
z), where I is the 2 × 2 identity
matrix and εi ∼ 10−5 is the thermal equilibrium polarization
of the i-th nucleus and εi ∝ γi. For there is no observable and
unitary dynamical effect on the identity part, we follow the
convention that we only write the traceless part of the ther-
mal equilibrium state, i.e., ρeq =
∑4
i=1 I
i
z . We prepare the
system from ρeq to ρ0 with the spatial averaging method [29].
The experimental spectra of the thermal state ρeq and the pre-
pared initial state ρ0 are shown in Fig. 2(b) and Fig. 2(c),
respctively.
B. Unitary evolution
The unitary operations involved in the OTOC measurment
protocols described in Sec. II are the global or local random
unitary u and the time evolution operator U(t). To measure
〈σz1σz4(t)σz1〉u, another local gate σz1 should be inserted be-
4tween u and U(t). Apparently, the majority of the experi-
mental efforts should be devoted to pulse synthesis for imple-
menting the random unitaries and to simulate the desired time
evolution of the periodic Hamiltonian.
Realizing random unitaries.– We realized both the global
and local protocols in our experiments. The random unitaries
used in the local protocol were realized by choosing a set of
random rotation directions and random rotation angles for the
individual spins, and applying all the single-spin rotations si-
multaneously. However, to implement the global random uni-
tary operators used in the global protocol requires the applica-
tion of much more complicated pulse techniques. Fortunately,
recent theoretical and experimental studies in the area of quan-
tum pseudorandomness [24, 25, 30–38] are of great help for
our present task.
Quantum pseudorandomness, which can reproduce statis-
tical properties of random unitary operators most relevant to
quantum information tasks, plays a significant role in quan-
tum communication and information processing. Although
quantum randomness can be effectively constructed theoret-
ically, realizing exact quantum randomness in many-body
systems takes exponential time and is infeasible practically.
This fact has led to the investigation of efficient implementa-
tion of quantum pseudorandomness, particularly to the con-
struction of unitary k-designs. For an introduction of k-
design, see Ref. [28]. There are mainly three methods to
generate approximate unitary designs experimentally, i.e., lo-
cal random quantum circuits composed of single qubit gates
and two-qubit gates acting on the nearest two neighboring
qubits [30, 31], measurement based scheme to produce ap-
proximate designs [32, 33] and the method of generating ran-
dom dynamics from some design Hamiltonian [25]. The first
two methods are relatively harder to implement in experiment,
for the random quantum circuits method requires many finely
constructed local gates, while the measurement based scheme
requires plenty of physical qubits to generate the graph state.
However, the recently proposed design Hamiltonian method-
has the merits of not needing local quantum gate, saving qubit
resource and reducing time cost. Indeed, an experimental im-
plementation of the design Hamiltonian approach was already
achieved on an NMR system with up to 12 qubits [24]. In our
experiment, we use the same method to generate the global
random unitaries in a 4-qubit system.
The experimental sequence for generating the unitary 2-
design is shown in Fig. 4(a), which consists of four ran-
dom refocusing sequences with change-of-base operations in
between. Here, a refocusing sequence is a sequence com-
posed of a set of pi pulses (about the x or y axis). It is a
common technique used in NMR spectroscopy for adjusting
effective couplings between spins. To achieve random cou-
plings, we employ random refocusing sequences, that is, we
insert single-qubit pi pulses at random time. Concretely, we
fix the time length of each sequence to be T/2. For the
m-th refocusing sequence, we introduce an array λ(m) =
{λ(m)1 , λ(m)2 , λ(m)3 , λ(m)4 } with each term λ(m)i draw indepen-
dently from the standard uniform distribution on the unit in-
terval. So each random refocusing pulse sequence consists of
four single-qubit pi pulses with the i-th pulse applied on the
i-th nucleus at time λiT/2. The effective Hamiltonian under
the m-th refocusing sequence is then
H(m)Z = −
4∑
i=1
ωeffi,mσ
z
i + pi
4∑
i<j,=1
J effij,mσ
z
i σ
z
j , (7)
where the effective coefficients ωeffi,m = (1 − 2λ(m)i )ωi,
J effij,m = (1 − |λ(m)i − λ(m)j |)Ji,j . For the second and the
fourth random refocusing sequence, a pair of collective pi/2
pulses around y axis or −y axis are applied at the two ends of
these two sequences, the effective Hamiltonian will be turned
into
H(m)X = −
4∑
i=1
ωeffi,mσ
x
i + pi
4∑
i<j,=1
J effij,mσ
x
i σ
x
j . (8)
Now the Hamiltonian under the whole pulse sequence is
{H(1)Z ,H(2)X ,H(3)Z ,H(4)X }. (9)
It is expected that through such an alternate change between
the Pauli-Z and Pauli-X bases would allow the system’s
time-evolution quickly approach a unitary 2-design after suf-
ficiently long time.
To confirm the above statement, we compute the k-th frame
potential F (k)E [24, 39] for k = 1 and k = 2 to check whether
the random Hamiltonian can generate a unitary 2-design. In
Fig. 3(a), we compute the frame potentials F˜ (1)E and F˜
(2)
E
with different periodic time T for 50 random unitaries u
generated from 50 randomly sampled {λ(1), λ(2), λ(3), λ(4)}.
Fig. 3(b) shows the numerical results of F (k)E with T = 20
ms against the sample size |E|. Convergences of F˜ (1)E and
F˜
(2)
E to their corresponding Haar values k! with respect to T
and |E| are both observed. Fig. 3(c) presents the numer-
ical simulation results for different evolution time t of the
random Hamiltonian Eq. (9), which suggests that for a long
time of evolution, that is, after about two rounds of evolution,
the estimated frame potentials converge to their correspond-
ing Haar values. The numerical simulation results show that
the random Hamiltonian is random enough to generate unitary
2-designs when the period is chosen as T = 20 ms.
Simulating the kicked Ising model.– The key part of our ex-
periment consists in implementing the unitary evolution of the
kicked Ising model Eq. (3). We rewrite U(T ) as
U(T ) = e−i
T
2
∑
i Jσ
z
i σ
z
i+1e−i
T
2 hx
∑
i σ
x
i e−i
T
2 hz
∑
i σ
z
i . (10)
Apart from the first term, the other two terms are global rota-
tions around x or z direction, which can be easily done with
hard pulses. The main problem remaining now is how to re-
alize the first term e−i
T
2
∑
i Jσ
z
i σ
z
i+1 . We can still use the re-
focusing sequence technique for accomplishing this task as
a suitably designed refocusing scheme will allow equalizing
the couplings between the nearest spins, while eliminating the
other unwanted couplings. Although there exists a general
and efficient refocusing scheme for any σzσz-coupled evolu-
tion [40], it is possible to find a much simpler circuit for the
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FIG. 3. The numerical simulation of the first and second frame po-
tential. The simulation data here are based from 50 randomly chosen
λ. (a)-(b) The estimated frame potentials achieve the convergence
of F˜ (1,2)E as the period prolonged and the sample size enlarged. (c)
Convergence of F˜ (1,2)E estimated from the random λ. F˜
(1,2)
E drops
suddenly at the time the change of axis operation is applied, and
gradually approach its Haar value.
current task. Fig. 4(b) shows our constructed circuit. Con-
cretely, we do the following steps. First, we neglect the evo-
lution effects of J13, J24, J14 for that their values are much
more smaller than those of J12, J23, J34. Two single-qubit pi
pulses are applied on C3 and C4 nuclei respectively to tune the
effective J-couplings J eff23 and J
eff
34 to J12. The parameters of
the evolution should fulfil the following requirements to yield
the right evolution:
piJ12τ/2 = JT/2,
(2τ1 − τ)J23 = J12τ,
[2(τ2 − τ1) + τ ]J34 = J12τ.
(11)
For JT = 1.6, the solution of the equations are τ = 12.23
ms, τ1 = 9.77 ms and τ2 = 7.17 ms. The time evolution of
the chemical shifts during this duration can be eliminated with
a collective single-qubit rotation around z axis, the expression
of which can be written as Rz =
∏
i e
−iαiσzi /2. Here, the
rotational angles satisfy the following conditions,
α1 = ω1τ,
α2 = ω2τ,
α3 = ω3(2τ1 − τ),
α4 = ω3(2τ2 − τ).
(12)
The mulitple-qubit rotation Rz is implemented together
with the last two terms in Eq. (10), e−i(Hx+Hz)T =
e−iT (hx
∑
i σ
x
i +
∑
i(hz+αi/T )σ
z
i ))/2, as shown in the quantum
circuit of the whole experiment Fig. 4(c) to measure OTOC.
(a)
C1
C2
C3
C4
H(1)Z H
(2)
Z H
(2)
Z H
(2)
Z
(b)
C1
C2
C3
C4
τ1
τ2
τ
(c)
|0〉
|0〉
|0〉
|0〉
u
e−
i(
H
x
+
H
z
)T
σ1z
e−iHzzT
n
Rˆy(pi/2) Rˆy(−pi/2) Rˆy(pi)
FIG. 4. (a) The schematic figure about the design Hamiltonian to
generate the random global unitary operators on the four-qubit sys-
tem. For the second and the fourth random refocusing sequences,
a pair of collective pi/2 pulses around y axis or −y axis are ap-
plied at the two ends of these two sequences to to transfer H(n)Z
to H(n)X . Each H(n)Z evolves for one half of the period T/2. (b)
Quantum circuit used to simulate the dynamics of e−iHzzT . (c)
The circuit for measuring the statistical correlations between random
measurements. The first rectangle represents the pseudorandom uni-
tary generated via the sequence in (a). σz1 in the dashed rectangle
means that the σz1 operation is required only for the measurement of
〈σz1σz4(t)σz1〉. The gray block represents the quantum simulation cir-
cuit shown in (b), aiming to simulate the evolution operator e−iHzzT .
.
Therefore, the whole quantum network to simulate the
kicked Ising model includes single-qubit rotations, global ro-
tations and free evolutions of the natural Hamiltonian of the
nuclear spin systemHNMR. Each single-qubit rotation is real-
ized with a shaped pulse with a length of 0.5ms. To further im-
prove the performance of the pulse sequence, we optimise the
two unitary parts, including the pseudorandom unitary opera-
tor generation part and the quantum simulation of kicked Ising
model, with the gradient ascent pulse engineering (GRAPE)
technique [41]. For the global protocol, a random unitary u is
realized with a single shaped pulse with a duration of 50.5 ms.
A local random unitary used in the local protocol is realized
with a shaped pulse with length 0.5 ms. The evolution of the
kicked Ising model U(nT ) is realized with a pulse with length
13.74n ms.
(iii) Readout. To detect the OTOC dynamics of the kicked
Ising model using statistical correlations between randomized
measurements, we choose 50 different random unitaries and
simulate the dynamics of Ising model up to 23 time periods.
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FIG. 5. (a) The experimental results of the global protocol of the Kicked Ising model with hx = J , hz = 0.809J , JT = 1.6, N = 4,
W = σz4 and V = σz1 . The first two panels show the experimental statistical distributions of the measurement results obtained with Nu = 50
at JT = 1.6 and JT = 32. In the third panel, the experimentally exacted statistical correlations OGExp(t) (red dots) and the numerically
simulated ones OGNum(t) (dark green dots), together with the theoretical exact OTOCs OM(t) (solid black line) are shown. The dashed line
represents the analytical predictions of O(t). (b) The same as (a) with local protocol, the statistical correlations OLExp(t), O
L
Num(t) compared
with the modified OTOC OM(t). The dashed line represents the analytical predictions of OM(t).
The statistical correlations are based on measuring the expec-
tation value of σz4 . Since 〈σz4〉 = 2〈I4z 〉, the expected OTOC
is estimated through measuring the expectation value of the
longitudinal magnetization of the nucleus C4, i.e., 〈I4z 〉. The
readout of the expectation value in NMR system is just an
ensemble-averaged one over the ensemble of the molecules.
By applying a single-qubit pi/2 rotation along the y axis ap-
plied on nucleus C4, 〈I4z 〉 is readout by measuring the NMR
spectrum signal. 〈σz4(t)〉u and 〈σz1σz4(t)σz1〉u correspond to
the σz4 of the final state without and with unitary operator σ
z
1
applied between u and U(nT ), respectively.
IV. RESULTS
The experimental results using the two protocols to de-
tect the infinite-temperature OTOCs of a 4-spin kicked Ising
model are shown in Fig. 5. The results of the global pro-
tocol are illustrated in Fig. 5(a). The first two panels show
the experimental statistical distributions after 50 random mea-
surements at Jt = 1 and Jt = 32. Each statistical panel gives
out a statistical correlation to estimate the OTOC at the corre-
sponding time t = nT . Because σ1z and σ
4
z commute to each
other at t = 0, the value of the OTOC at the beginning several
periods is almost unity. In the third panel, the extracted exper-
imental statistical correlations OGExp(t) (red dots) are given.
The theoretical OTOCs O(t) (black curves), numerically sim-
ulated statistical correlations OGNum(t) (green dots) with the
same sample set of random u and the analytical OTOCs for the
infinite Ising model (dashed line) are also presented for com-
parison. Fig. 5(b) shows the experimental results of the local
protocol, the solid black line, the green dots and the dashed
line represent the modified OTOCs OLNum(t), OM(t) and the
analytical OM, respectively .
As shown in panels Fig. 5(a) and Fig. 5(b), in both the
global and local protocols, the measured experimental evo-
lutions of OGExp(t) and O
L
Exp(t) resemble well the ones of the
theoretical OTOC O(t) and the modified OTOC OM(t), re-
spectively. The divergences between OGNum(t) and O(t) is
mainly due to that the Nu = 50 random measurements are
not enough. The same reason for local protocol. The exper-
imental data agree well with the numerical simulated results.
The sources of the experimental errors include imperfections
in state preparation, control inaccuracy and decoherence.
V. CONCLUSION AND DISCUSSIONS
To conclude, we have experimentally demonstrated both
the global and local protocols to detect the infinite-
temperature OTOC using statistical correlations between ran-
domized measurements. As an example, we measure OTOCs
of a typical chaotic system, i.e., a four-spin kicked Ising
model. Specifically, the global random unitary evolutions
7used in the global protocol are constructed with a design
Hamiltonian method. The design Hamiltonian technique may
find more applications in future quantum information exper-
imental researches, and will serve as a theoretical tool for
understanding non-equilibrium dynamics of quantum many-
body systems, such as in the studies of quantum communica-
tion [42, 43], quantum entanglement measurement [44, 45],
quantum chaos [46] and quantum thermalization [47]. Our
experimental successful detection of OTOC shows the fea-
sibility and the usefulness of the randomized protocol. The
protocol can also be used to detect information scrambling in
other quantum systems, such as Rydberg atoms, trapped ions
or superconducting qubits. One important problem left open
for future exploration is to extend the current randomized pro-
tocol to the experimental detection of OTOCs of finite temper-
ature.
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